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This invention descrilDes an improved cationic wet strength' resin which is not only efficient at imparting 
wet^enSf "rpajTb^Ta^^ provides that paper treated with this resin is easier to repulp than paper 
treated with conventional resins when papers of equal wet strength are compared. ^ 

This Invention relates to an improved epoxidized polyalkyleneamme-am.de res.n. The res.n <rf ft s 
InveSon Is not ^ty efficient in imparting wet strength to paper, but also paper treated w.th th.s res-n of *^ • 
inven^on o^ZUpe6 under substantially less demanding conditions than paper treated w,th c^^^^^^^^^ \ 
tion? commercially avalable epoxidized polyaikyleneamine-amide res,n. when papers with the same 

'^'CTs sreiTat^ bonded small, discrete fibers. The fibers are usually formed into a 
shee'Ta fine SeTn frL a dilute water suspension or slurry. Paper is usually made from cellulose fibers 
Z2 ooZ^Z syrrthetic fibers are used. Paper made from untreated cellulose fibers retams very 
S its^nal sLngth after it has been soaked in water, i.e.. It has very little wet strength. The wet 
LtngL of pi is Sned Tthe resistance of the paper to rupture or disintegration when it is wetted w.th 
wS^^n orS^to Lease the wet strength of paper, wet strength resins have been developed for use m 
^oZrtZZ. These polymeric substances have been used to Impart wet strength to differed types d 
JaperTr exS. paper towels, facial tissue, bag paper and map paper. In some cases the wet ^ength 
?esbs" a^e 3to the slurry: in other cases the resin is applied to partially or completely dned paper. 

ZZ^^ rLs cu^ently used in the paper making industry include urea-formaldehyde res,ns 
meZ^Sdehyde resins, polymeric amines and epoxidized resins such as polyalkyleneam.ne-am.de 

oaoem^™ indusfri be(iuse Sey can be used at neutral pH to impart wet strength whereas ofter res.ns. 
suchT^SSSJehyde resins, are used at other than neutral pH. The use of these epox,d.zed resms 
fn^L?of^reaXmaldehyde resins not only resutts in less corrosion of the papem^atang machinery but 
^so produces a paper product with improved softness. Commercially acceptable epo'^j'f ^ 
^JalSeSnlne amide resins are described in Keim. U.S. Patent 2.926.116. and fhan aU U^;^P^^^^^^ 
Tsay 510 The main disadvantage of this type of resin is the difficulty ,n the "repulprng of *e broke e 
bSnq down of waste paper to separate the fibers and disperse them In water. Th.s d.sadvantage has 
bSl mrs-^nSL me re-use of waste paper h« , . _ 

Waste oaoS must be repulped in order to use It for papemiaking. The ease of repulp.ng paper 
depeTdfonTde^ee o? wef s^ength Imparted to the paper, the type of chemicals used to ach.e^^ ^ 
wrSengi, properties, the type of fiber that is used to make the sheets, the degree of mechan^ 
dSbS peSble. and the type of repulping equipment available. In practical operation paper m^ 
ODerSvJil want to repulp in as short a time as possible with as little investment .n mechan,cal dev ces ^ 
pSSTaS w^ minimum damage to fibers. A resin which gives good wet strength to paper but wh.ch 
flUn nives a oaoer that can be repulped easily is most desirable.- ■ ^.^ , , 

prer treS WW, different types of resins are usually repujped under different conditions. Ure«- 
tormXni'tled paper is'easlly repulped by adjusUng the pH to about 3. However whenj^^^ 
resTn is uid- to make paper, the resin must be used under addte conditions usually with a pH of about 4. 
The acidic conditions cause conrosion of expensive papermaking mach.nery. . . , . 

Paper S^tii polyacrylamide-glyoxal type resin Is easily repulped since th.s res.n only gn.^ 
temporJi wet strength to paper. Paper treated with this resin -maintains its strength upo,, .nstent corrtart 
wZw^r but Sses^e wet strength upon further wetting. Thij type of paper therefore, .s not useful for 
Daoer bags or for certain types of wipers. ^+.«r,«*K t« 

Et^Jdized polyalkyleneamine-amWe type resin gives a relatively more permanent wet sfrength to 
papeTand is slwe tor most grades of paper. The property however ""f « ^he pap^L ^° 
reoulD An extensh/e laboratory study comparing the repulping charactenst.cs of paper treated wrth ure^ 
SaWe^ydfaS the repulping characteristics of paper treated wj epo^^ized^^^^^ 
type resins was reported in an article published by C. Schmalz (TAPPI Journal 44. 275-280. ApriU961). In 
S laTor^ry study, handsheets made with different types of brokes such as polyam.de-type wet strengft 
?roki rSLne-formaldehyde wet strength brokes. and ^^^-'^^^f^^J^^^t^^^^^'^^Z^ 
defibei^ed in a TAPPI disintegrator according to tiie TAPPI standard method T205 M-58. The handsheate 
wSe defiberi at various levels of pH. witi, or without addrtion of hypochlorites and at v^o^^Jf^'^^ 
ipi were removed at different inten^als of time. The samples were used to -"ake handsheets and 
these handsheets were then compared with standards to ascertan the degree of fiber separation. 

?hrir«>ndu^ed that in order to defiber paper treated with epoxidized polyalkyleneam.ne-am.de 
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resin in a reasonable period of time, the addition of sodium hydroxide to maintain a pH of at least 10 or 
higher, a temperature of more than 50* C, and the addition of sodium or calcium hypochlorite was required, 
it was also concluded that unbleached paper is generally more resistant to defiberation: Unbleached paper 
requires the use of excessive amounts of hypochlorite because the extra hypochlorite Is used up in 
5 bleaching the unbleached fibre. The need to use excessive amounts of hypochlorite is not desirable. 
Hypochlorite changes the optical properties of unbleached paper. An excessive amount of hypochlorite ion 
in the slun^ adversely affects the. wet strength efficiency of the resin in paper made from the repulp. 

SUMMARY OF THE INVENTION: 

10 

Therefore It Is highly desirable to provide a wet strength resin that has the wet strength property 
comparable to conventional commercial available epoxidized polyamide resin, but has the advantage that 
the wet strength treated paper can be repulped under less demanding conditions. The wet strength 
efficiency and repulping characteristics of wet strength paper can be determined in the laboratory according 
75 to established methods. 

According to the present invention there is provided a process for making a catlonic thermosetting resin 
comprising a first step of: 

(A) reacting epihalohydrin with ammonia in a molar ratio range of epihalohydrin to ammonia of 1-2:0.8- 
1.1 to thereby form epoxidized ammonia; 
20 (B) reacting together at 35 * C-60 * C 

(1) the epoxidized ammonia formed by step (A); 

(2) a polyalkyleneamlne-amide; wherein said polyalkyleneamine-amide is a reaction product of 
polyalkylene polyamine and a diester, said diester derived from Ca to Os saturated or unsaturated 
aliphatic dicarboxylic acid or a dicarboxyllc acid selected from oxalic, pimellc, suberic, azelaic and 

25 sebacic acid with Ci to Cs saturated aliphatic monohydric alcohol; 

and 

(3) an epihalohydrin; wherein the permissible molar ratio of totai amounts of epihalohydrin to ammonia 
to polyalkyleneamine-amide used in the two steps to make cationic resin is 2-3.7:0.8-1:1. 

The resin of this Invention not only provides suitable wet strength to paper but also provides that the 
30 treated paper can be repulped. under less demanding conditions. The resin of this invention is made from 
polyalkyleneamine-amide, ammonia, and epichlorohydrin and requires that as a first step the ammonia be 
reacted with part of tine epichlorohydrin to form an Intermediate that is tiien reacted witii the 
polyalkylenamine-amide and tiie rest of tiie epichlorohydrin. 

The materia! of tiie Babcock U.S.P, 3,224.990. assigned to Pacific Resins and Chemical, Inc.. Is rnade 
35 from reactants similar to the reactants of this invention. The Babcock wet strength resin is made from 
polyalkylene polyamine-amide, ammonia and epichlorohydrin In a one-step reaction. The Babcock resin is 
different from the resin of tills invention. Babcock does not as a first step react tiie ammonia with part of tiie 
epichlorohydrin. The resin of this invention has superior wet strengtii properties and repulping properties. 
The superior properties of resin of this Invention are attributable to the way In which the resin is made and 
40 in particular the requirement that the ammonia be reacted with part of the epichlorohydrin before the 
addition of the polyalkyleneamine-amide and the remainder of the epichlorohydrin. 

This invention is a cationic, water soluble, thermosetting epoxidized polyalkyleneamine-amide resin 
which can be used to impart wet strengtii to paper products, and a method for making the resin. This resin 
has wet strength perfomiance as efficient as conventional, commercially available epoxidized 
45 polyalkyleneamine-amide wet sti-ength resins. Furthermore, paper treated with this resin is substantially 
easier to repulp than that treated with conventional epoxidized polyalkyleneamine-amide resins, when 
comparing papers witii the same degree of wet strength. 

The chemistry involved in the preparation of this resin pan be described in two stages as follows. 
In the first stage, a polyalkyleneamlne-amide polymer is made by the condensation polymerization of a 
50 polyalkylene polyamine and a diester of a saturated aliphatic dibasic carboxylic acid. The 
polyalkyleneamlne-amide polymer has a chemical structure that may be represented as follows: 
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Formula 1 



where n. x, y, z are the number of repeating structural unrts ranging from 2. 3, 4.... etc. In general, however, 
the polyaikyleneannine-amlde can be prepared by any means that is known in the prior art as long as it 
contains a structural unit which has at least one secondary amine between two amide groups. 

The second stage involves two steps. In the first step, epichlorohydrin and ammonia are reacted to give 
20 an intennediate which may have the general structure shown as follows: 



OH 
I 

(N-CH--CH-CH^) 
t 2 2 
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Formula 2 



In the second step, the IntemDediate (Formula 2) is reacted with the polyalkyleneamlne-amide of the first 
stage and an additional amount of epichlorohydrin to produce a product that may have the general structure 
as follows: 
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Formula 3 

30 

This improved wet strength resin can be used in the papermaking Industry according to conventional 
methods. 

35 DETAILED DESCRIPTION : 

The wet strength resin of the Invention is prepared from polyalkyleneamine-amlde, an epichlorohydrln- 
ammonla intermediate, and epichlorohydrin. 

One preferred polyalkyleneamine-amlde Is made by the condensation polymerization of dimethyl- 
40 glutarate, which is a diester of a saturated aliphatic dibasic carboxylic acid, and diethylenetriamine, which is 
a polyalkyiene polyamine. The preferred molar ratio of diester to polyalkylene polyamine is from 0.9:1 to 
about 1.2:1. Details of this polymerization are described in Chan, U.S. Patent 3.887.510. assigned to 
Borden, Inc. The wet strength resin of this invention is made by reacting epichlorohydrin, ammonia, and the 
polyalkyleneamine-amlde In preselected proportions, and according to a specific order of addition of the 
45 reactants. 

Rrst. epichlorohydrin Is allowed to react with ammonia, preferably at a molar ratio of epichlorohydrin to 
ammonia of 2:1 , in an aqueous solution. For this reaction, the concentration of the total reactants may be 
30%. so that the reaction proceeds at a desirable rate. 

When this first polymerization reaction has taken place, an additional amount of epichlorohydrin and the 
50 polyalkyleneamine-amide are added, and a second polymerization reaction begins. The molar ratio of total 
epichlorohydrin: ammonla:polyalkyleneamine-amide is preferably 3.5:1:1. At the beginning of this second 
polymerization, it is necessary to use a very small amount of sodium hydroxide (equivalent to about 0.4% of 
the total resin weight, both dry basis) to raise the pH from 6.8 to above 7. The adjustment of pH is needed 
only at this early stage. The rate of polymerization is manipulated by the control of reaction temperature 
55 and concentration of reactants. Acids such as sulfuric acid or hydrochloric acid are used to adjust the pH of 
the final product to about 3.5 to stabilize the resin at about 16% solids content. 

Typical physical properties of this resin using the preferred polyalkyleneamine-amide are: 
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Brookfield Viscosity (LVF 2/60 rpm/25* C)* 


90 - 100 cps ( 90 - 100 mPa.s ) 


Solids Content 


16.0 ±0.5% 


pHat25"C 


3.5 ± 0.1 


S.G. at 25' C 


1.061 - 1.064 


Gardner Color 


1 -3 



* The abbreviation LVF 2/60 rprrVas' C indicates that the viscosity detennination was 
made on a Brookfieid LVF viscometer using a #2 spindle at 60 rpm and at 25* C. 
Similar abbreviations appear elsewhere. 



The resin can be added in the same manner as conventional epoxidized polyalkyleneamine-amide 
resins. Preferably this resin is added to the pulp slurry in the papermaking process where there is sufficient 
mixing. The amount of resin added is preferably from 0. 1% to 2% by weight based on resin solids dry 
15 basis and on the weight of the dry pulp, the amount added depending on the degree of wet strength 
desired in the finished paper product The preferred pH of the system during papermaking is from about 6 
to about 8. 

Other modifications and alternatives are permissible in making the resin of this invention as will be 
described. The prefenred dicarboxylic diesters contemplated for use in making the polyalkyleneamine- 

20 amides of this invention are the diesters derived from C3 to Cs saturated and unsaturated aliphatic 
dicarboxylic acids and Ci to Ca saturated aliphatic monohydric alcohols. Suitable acids from which the 
esters are derived Include malonic. succinic, glutaric and adipic acids, used singly or In admixture. Suitable 
preferred alcohols from which these esters are derived include, singly or in combination, methanol, ethanoi, 
propanol and isopropanol. The esters of methanol and ethanoi are preferred, in particular the methyl esters. 

25 While con-esponding esters derived from higher alcohols also undergo the reaction of this invention, their 
higher cost and their more difficult removability by "stripping" (on account of their higher boiling points) 
makes them less desirable. 

Preferred dicarboxylic diesters include dimethyl malonate, diethyl malonate, dimethyl succinate, di- 
isopropyl succinate, dimethyl glutarate, di-isobutyl glutarate, dimethyl adipate, di-n-propyl adipate, methyl 

30 ethyl adipate or a mixture of dimethyl adipate and diethyl glutarate. The prefenred diester Is dimethyl 
glutarate. 

While the diester component is preferably formed from a C3 to Ce dicarboxylic acid, both saturated and 
unsaturated aliphatic acids may be used, and acids, selected from oxalic, pimelic, suberic, azelaic, sebacic, 
and, as well, unsaturated acids such as maleic and fumaric. 

35 The polyalkylene polyamines contemplated for use in making the poiyalkyleneamine-amides include 
those having two primary amine groups and at least one secondary amine group. Suitable polyalkylene 
polyamines Include diethylenetriamlne. triethylenetetramine. tetraethylenepentamine, dipropylenetriamine. 
and dihexylenetrlamine. The prefen-ed polyamine is diethylenetriamlne. 

In making the polyalkyleneamine-amide, the polyalkylene polyamine is reacted, in the absence of water, 

40 preferably at about 80 *C to 150* C. with the diester. The alcohol formed during the formation of the 
polyamide of the polyalkylene polyamine is recovered. The direct reaction between the diester and 
polyalkylene polyamine can be visualized as either an acylation of the polyamine or as an amrdation of the 
ester wherein the alkoxy group of the ester is replaced by an amide group. In order to obtain a polyamide 
product in optimum yield with optimum color properties, the temperature employed for canying out this 

45 acylation or amidationjs preferred to be from about 80* C to no higher than about 105* C, temperatures in 
the range of about 80* C to 95* C being particularly suitable. However, a temperature up to about 120* C or 
140 C Is effective for obtaining products with certain superior combinations of properties, and some 
benefits can be obtained when the reaction temperature is as high as about 170* C. 

In carrying out the reaction, it is preferred to use an amount of diester sufficient to react substantially 

so completely with the primary amine groups of the polyalkylene polyamine but insufficient to react with the 
secondary amine groups -to any substantial extent. This will usually require a mole ratio of polyalkylene 
polyamine to diester frc^' about 0.9/1 to about 1.2/1. However, mole ratios of from about 0.8/1 to about 
1.4/1 can be used with satisfactory results. Mole ratios outside of these ranges are generally unsatisfactory. 
Thus, mole ratios below about 0.8/1 result In a gelled product or one having a pronounced tendency to gel 

55 while mole ratios above 1.4/1 result In low molecular weight polyamides. 

For best yields it is prefen-ed to carry out the acylation reaction of this invention at atmospheric 
pressure. However, particularly during the "stripping" stage of removing and recovering the alcohol formed, 
reduced pressure can be used, making possible the efficacy of lower temperatures. 
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The time of reaction depends on the temperatures and pressures used but will ordinarily vary from 
about 1 .5 to about 3 hours. The time of reaction is selected so that, at the particular temperature, pressure 
and ratio of reactants used, a suitable molecular weight of polyamide is obtained. The molecular weight 
should be sufficiently high to yield an effective wet strength resin after reaction with the epih'alohydrin and 
6 epoxidized ammonia, but not high enough to reduce the water solubility of the polyamide during this 
reaction. Molecular weight is conveniently characterized by intrinsic viscosity as measured in a 1 -normal 
■ ammonium chloride solution at 25 *C using a well-known procedure such as that described in Flory 
"Principles of Polymer Chemistry" (1953) page 309. To be suitable for the contemplated use, a polyamide 
can have a thus measured intrinsic viscosity equal to from about 0.03 to 0.25 dl/gram. A polyamide having 
10 an Intrinsic viscosity of from about 0.08 to 0.12 dl/gram is preferred. 

It is permissible to use, in this invention, water soluble polyalkyleneamine-amide which contains the 
recurring structure as follows: 



75 



0 O 
li II 

-NH(C^H2jjNH)^C B C- 
20 Formula 4 



where a and x are integers equal to 2 or more, and R is a divalent hydrocarbon radical of a dicarboxylic 
acid. R can be a saturated or unsaturated hydrocarbon. 

25 An example of these water soluble polyaikyleneamineamides is the reaction product of a saturated 
dicarboxylic acid, viz. adipic acid; and polyalkyleneamine, viz. diethylenetriamine, such as is described in 
Keim, U.S. Patent 2,926,154. Another polyalkyleneamine-amide can be prepared by reacting an unsaturated 
dicarboxylic acid, e.g., itaconic acid, with diethylenetriamine, as described in U.S. Patent 3,125,552. In 
general, the polyalkyleneamine-amide can be prepared by any means that is known in the prior art, as long 

30 as it contains a structural unit which has at least one secondary amine group between two amide groups. 

it is permissible in this invention to use other epihalohydrins such as epibromohydrin in place of 
epichlorohydrin, but epichlorohydrin is preferred. 

To make ^ preferred resin of this invention, some of the epichlorohydrin is reacted with the ammonia in 
^ an aqueous solution. The molar ratio of epichlorohydrin:ammonia In the formation of the epoxidized 

35 ammonia can be in the range from 1 to 2.5:1 , the preferred molar ratio being 2:1 . The amount of water is 
adjusted so that the concentration of the total reactants allows the initial exotherm to be controlled easily to 
below 60 *C with a cooling water bath. Normally a solids content of 20% to 30% is acceptable although 
30% is the preferred solids content. These percentages are. based on the total weight of the aqueous resin. 
The reaction temperature ranges from 45* C to 60* C and reaction time varies from 30 minutes to 24 hours. 

40 In the preparation of wet strength resin, the amount of the polyalkyleneamine-amide and the amount of 
additional epichlorohydrin added to the expoxidized ammonia can range from a molar ratio of 1:1 to 1:1.7 
although the preferred molar ratio of polyalkyleneamine-amide : epichlorohydrin is 1:1.5. Therefore the 
permissible molar ratio of total amount of epichlorohydrin : ammonia:polyalkyleneamine-amlde is: 2 to 3.7 
moles of epichlorohydrin, to 0.8 to 1 mole of ammonia to 1 mole of polyalkyleneamine-amide, while the 

45 preferred molar ratio is at 3.5:1:1. The reaction temperature and concentration of reactants can be 
determined empirically by those skilled in the art. Therefore the reaction rate can be properly controlled. 
The temperature at which the reaction is carried out is in the range of from 35* to 60* C. Within this range, 
the temperature at a given time will depend on the degree of condensation and concentration of reactants at 
that time. 

50 The degree of polymerization affects the wet strength properties of the final product. For example, resin 
witii a viscosity of 40-80 cps (40-80 mPa.s) at 12% solids in water as measured with a Brookfield LVF 
viscometer using a #2 spindle at 60 rpm and at 25*C has satisfactory wet strength properties. The wet 
strength resin described In tills invention can be applied to. paper by tub application If desired. The resin 
can also be applied to partially or completely dried paper by immersion in or spraying witii an aqueous 

55 solution of this wet strength resin, followed by drying and curing at high temperature, e.g. 105*C, for a 
suitable period of time, e.g. up to 1 hour. 

The preferred method of incorporating these resins in paper, however, is by addition prior to sheet 
formation whereby advantage is taken of the substantivity of the resins for hydrated cellulosic fibers. In 
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practicing this method, an aqueous solution of the resin in Its uncured and hydrophilic state is added to an 
aqueous suspension of paper stock in the beater, stock chest, Jordan engine, fan pump, head box or at any 
other suitable point ahead of sheet formation. The sheet is then formed and dried in the usual manner, 
thereby curing the resin to its polymerized and water insoluble condition and imparting wet strength to the 
5 paper. 

The resins of this invention impart wet strength to paper when present therein in amounts of about 0.1- 
5% or more based on the dry weight of the paper. The quantity of resin to be added to the aqueous stock 
suspension will depend on the degree of wet strength desired in the finished paper product and on the 
amount of resin retained by the paper fibers. 

10 The uncured cationic thermosetting resins of this Invention, when incorporated in paper in any suitable 
manner, as described above, may be cured under acid, neutral or alkaline condit'ons, i.e., at pH's from 
about 4.0 to 10, by subjecting the paper to a heat-treatment for about 0.5 to 30 minutes at a temperature 
from about 90 C to 105'C (i.e., In the laboratory). Optimum results, however, are obtained near neutral 
conditions. In view of this, and the rather extensive corrosion of equipment encountered at pH's below about 

15 6.0, it is prefen-ed to cany out the curing step at a pH from about 6.0 to about 8.0. 

EXAMPLES 

The following Examples are grouped to demonstrate the preparation of the preferred 
20 polyaikyleneamine-amide; the preparation of the wet strength resin of this invention, from ammonia; 
epichlorohydrin, and the preferred poiyalkyleneamine-amide; the comparable wet strength and superior 
repulpability of paper treated with the resin of this invention when tested against papers treated with two 
commercially acceptable epoxidized potyalkyleneamine-amide resins; and the superior wet strength and 
superior repulpability of paper treated with the resin of this invention when compared with the resin of 
25 Babcock, U.S. Patent 3.224,990. which is assigned to Pacific Resins and Chemicals. Inc., and hereinafter 
referred to as the Babcock resin. The Babcock resin comprises the same ingredients as the resin of this 
invention, i. e., epichlorohydrin, ammonia and polyalkyleneamineamide. However, the Babcock resin is 
made in a one-step reaction. 

In all the Examples and throughout this specification, all parts and percentages are by weight and all 
30 temperatures are in degrees Celsius, unless otherwise specified. 

Examples 1 to 5 describe how to prepare the resin of this invention according to the preferred method 
and show that the resin of this invention is comparable in wet strength performance and is easier to repulp, 
when evaluated against conventional commercial available epoxidized polyalkyleneamlne-amide wet 
strength resins. 

35 

EXAMPLE 1 

Preparation of the Polyalkyleneamine-amide 

40 This Example describes the preparation of the polyalkyleneamine-amide from dimethyl glutarate and 
diethylenetriamine according to the procedure described in Chan. U.S. Patent 3.887,510. 

41 .2 parts of dimethylglutarate and 26.5 parts of diethylenetriamine were put into a reactor and mixed. 
The mixture was heated from 80 *C to 105* C for 2 to 3 hours. Methanol distilled off. The distillation was 
continued until the point when if 33.3 parts of water had been added to the reactor mix. the product would 

45 have had a solids content of 60% to 62% and a viscosity of 800 to 2200 cps.(800 to 2200 mPa,s). 
Brookfield LVF4/60 rpm/25* C. 

EXAMPLE 2 

50 Preparation of the Themnosetting Wet Strength Resin of this Invention 

This Example describes the preparation of a 16% solids wet strength resin using the prefen-ed molar 
ratio of 3.5:1:1 of total epichlorohydrin:ammonla:polyalkyleneamine-amlde under the preferred reaction 
conditions. 

55 A mixture of 253 g water and 36 g aqua ammonia solution (26* Be) and 106 g epichlorohydrin was 
placed in a flask and stirred. The exothemn was controlled to below 60* C with a cooling water bath. After 
the exothenm ceased, the batch was kept at 56* C to 57* 0 for about 30 minutes. During that time, the batch 
turned clear. Then 178 g of the polyalkyleneamine-amide from Example 1 and 80 g epichlorohydrin were 
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added Into the batch. The batch was then kept at 50* C to 55 * C and the reaction was allowed to proceed. 

A little amount (about 0.25% by weight of the total batch) of 50% caustic soda solution was added in 
the beginning to keep the pH of the batch at about 7.0. Temperature and solids content was manipulated to 
give a reasonable reaction rate throughout the reaction. Polymerization was allowed to take place until, the 
5 batch had a viscosity measurement of 250 cps to 300 cps (250-300 mPa.s) at 40* C and 30% solid content. 
Water was added to stop the reaction. The pH was adjusted to 3.5 with sulfuric acid. The resin had the 
following properties: 



Solids Content 


15.7% 


Brookfield Viscosity (LVF #2 spindle at 60 rpm at 25* C) 


93 cps ( 93 mPa.s) 


pHat25'C 


3.5 


S.aat25'C 


1.062 
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EXAMPLE 3 

Wet Strength Perfomnance of the Resin of the Invention Compared to Conventional, Commercially Available 
Epoxidized Polyalkyleneamine>amide Resins \ ' 

20 '. 

This Example describes the wet strength performance of the resin of this invention as made in Example 
2 as compared with conventional, commercially, available epoxidized polyalkyleneamineamide wet strength 
resin. It was found that the wet strength resin of the invention was comparable In wet strength performance 
to commercially available resin. 

25 To Illustrate the usefulness of the resin derived from the process of this Invention, the resin from 
Example 2 was tested according to the following standard procedure. 

A 60/40 blend of bleached softwood kraft and bleached hardwood kraft pulp at 1.6% consistency was 
beaten to a Canadian Standard Freeness of about 450 ml. This slurry was then diluted to a consistency of 
0.25%. The pH was adjusted to 7.0 with sulfuric acid and the resulting pulp slurry was used as a stock for 

30 resin addition. 10 ml. of a 0.25% concentration solution of the resin was added to a one liter aliquot of the 
stock slurry. This is equivalent to the addition of 1 .0% resin solids based on the bone dry pulp. Different 
resin levels can be obtained by the addition of different volumes of this 0.25% resin solution. The resln- 
treated slun-y was agitated for 5 minutes and then emptied into a Williams handsheet mold where it was 
diluted with make-up water to 12 liters. The make-up water was derived from water with its pH adjusted to 

35 7.0. The wet handsheets were pressed between blotters using a Williams Hydraulic Press. The handsheets 
were then dried In an Emerson Dryer at 230* F (110* C) to a moisture content of 5% to 6%. The resulting 
handsheets were then cured In a Blue "M" Force Air Oven for 10 minutes at 105* 0. The cured handsheets 
were conditioned at 72* F (23* C) and 50% relative humidity overnight before testing. 

Wet and dry tensile strength were determined using a Thwing-Albert Electro-hydraulic tensile tester with 

40 strength measured in pounds per 15 mm width. The wet tensile strength was determined immediately after 
wetting the specimen with 1 ppm Triton X-100 solution (a commercially available wetting agent identified by 
the manufacturer as Octyl Phenoxy Polyethoxy Ethanol). Typical test results are summarized In Table I. At 
least 15 specimens were used for each resin under each test condition. The results represent the average 
of these observed values for the specimens. 

4S Table 1 records the tensile strength of papers made with varying amounts of prior art resins and the 
resin of this invention. 
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The data in Table 1 shows that when the same amount by weight of wet strength resin is used, the 
papers made from each of the three wet strength resins have about the same wet strength. 
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EXAMPLE 4 



Repulpability 
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This Example illustrates the superior repulpabtlity property of the wet strength resin of this invention 
over the conventional commercially available epoxidized polyalkyleneamine-amide wet strength resin under 
the same repulping conditions. 

In this experiment, the repulping characteristics of paper were evaluated by measurement of Canadian 
Standard Freeness. The procedure used is described In The Proceeding of Papenmakers Conference, 1974, 
(organized by Technical Association of Pulp and Paper Industry, U.SA). 

The CSF (Canadian Standard of Freeness) measurement method Is based on the theory that if different 
resin-treated paper samples are subjected to the same repulping conditions, the paper treated with the 
more repulpable resin should give a pulp with a higher degree in defiberation or stated another way should 
give a finer pulp. In other words, the papers treated with the more repulpable resin should have a lower CSF 
measurement than the paper treated with a resin that is more difficult to repulp. 

The repulping procedure Is as follows: 

Handsheets for repulping wee made according to the method described in Example 3- Only handsheets 
of similar wet tensile or wet strength were used in the repulping test. 

2.5 g of the handsheets treated with the particular resin were weighed. The handsheets were ripped Into 
small pieces (about 5 x 1 .5 cm strips) and placed in a Waring Blendor. Tap water with Its pH adjusted to a 
desired value, of either pH 7 or pH 10 depending on the test being conducted, and heated to 55 'C. was 
added to the blender. A total of 200 ml tap water was added. 

The blending was started immediately after the addition of the wamn water with an initial 10 seconds on 
Mow' speed, and then a switch to 'high' speed for 10 minutes total blending. 

The blending was stopped after 10 minutes and the temperature of the blended pulp was measured. It 
was about 60 *C, This indicates that frie whole blending process was carried out at 55* to 60 'C 
temperature. 

The pulp was diluted to 1000 ml with tap water. The temperature of this pulp slurry was then measured 
and the standard CSF test was made and the measurement was con-ected to 0.3% consistency at 20* C. 

The lower the CSF reading for a given resin-treated paper the easier to repulp the paper when 
compared to different resin-treated paper using the same test conditions. 

Two repulping tests at differing repulping conditions were carried out and the results are summarized in 
Tables 2a and 2b as follows. The CSF measurement results of this Example were confirmed later using the 
Standard TAPPI method as described in Example 5. below. 
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Table 2b 



Repulpability of Paper Treated with Prior Art Wet Strength Resin and Paper 


Treated with Resin of this invention 




Repulped at pH 10 




Resin 


Calcium Hypochlorite" 


Average CSF 




added 


IVIeasured 




(%) 


(ml) 


Cascamid C20 




321 


Resin of This Invention 




280 


Cascamid C20 


0.5 


211 


Resin of This Invention 


0.5 


161 


Cascamid C20 


1.0 


157 


Resin of This Invention 


1.0 


123 



* The calcium hypochlorite is added to the blender after the addition of the paper 
samples and the necessary amount of water and immediately prior to blending. 



In Tabfe 2a. three different papers were repulped at pH7. Two of the papers contained a wet strength 
resin. These two papers had about the same wet strength. However, when these papers were repulped. the 
paper with the resin of this invention had a significantly lower CSF measurement than the paper made with 
the prior art resin. This indicates that p^er made with the resin of this invention can be repulped more 
easily than the paper made with the prior art resin. The third paper tested contained no wet strength resin. 
This paper had an extremely low CSF measurement which is consistent with fact that the untreated paper 
had a very low wet strength and repulped very easily. 

In Table 2b, the repulpability at pHIO of the two papers of Table 2a which contained a wet strength 
resin, are compared. In the first case, no calcium hypochlorite was used when repulping; in the second case 
0.5% hypochlorite was added: and in the third case 1% hypochlorite was added. Under all three sets of 
conditions, the paper made with the resin of this invention had a significantly lower CSF measurement than 
the paper made with the prior art resin. This indicates that the paper made with the resin of this invention 
can be repulped more easily. 

EXAMPLE 5 

Repulping Properties 

This Example demonstrates that resin made accorcling to the instant Invention is superior in repulping 
properties to conventional epoxidized polyalkyleneamine-amide resin when tested by the TAPPI Standard 
Disintegrator method. 

The TAPPI Standard Disintegrator Method (T205 M-58) is described as follows: 

24 gm of resin-treated paper were tom into pieces by hand to approximately one-half inch square. 
Cutting the sample must be avoided as this can affect the physical properties of the paper significantly. 

The paper was placed in the container of the Standard Disintegrator. 2000 ml of distilled water at 20° C, 
adjusted to pH, 10 was added. 

The Disintegrator was set at 3000 rpm for 75000 revolutions, i.e., for 25 minutes. 

After completion of the treatment, the sluny was removed from the container. A 250 ml aliquot of the 
slunry was removed and diluted to 1 litre for CSF test The diluted slurry was measured for temperature and 
then used to make a handsheet. Measurements were made and used to confirm the CSF tests In Example 

The rest of the slurry was diluted (85 ml diluted to 1 litre) to make handsheets in the standard sheet 
machine. These handsheets were made to show the degree of defiberation that took place in the standard 
Disintegrator for 25 minutes. The higher the degree of defiberation the easier the resin-treated paper was to 
repulp. 

Resin samples were sent to a commercial paper mill for a plant trial. Paper treated with the resin of this 
invention and paper treated with the conventional commercial available polyalkyleneamine-amide wet 
strength resins were made on the pilot machine in the mill. Paper samples were obtained from this mill and 
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brought back to the iaboratory for evaluation using the TAPPI Standard Disintegrator Method. Tests showed 
that the paper treated with the resin of the instant invention was easier to repuip. Results are summarized in 
Table 3 below. 
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(1) 8 X 8 inch square (20.3 cm x 20.3 cm) sheet soaked in 1 ppm Triton X-100 solution for 24 hours 
before test, an average of 9 tests. 

(2) Strips of 76 mm x 63 mm cut and soaked In water for 1 hour before test, using the L & W Tear 
Tester, model Elmendorf. Average of 9 tests. 

(3) Estimated by visual observation of handsheets made after treatment of paper in TAPPI Standard 
Disintegrator at 3000 rmp for 25 minutes. 

(4) Measured after TAPPI Standard Disintegrator treatment. 

(5) Other ingredients added to the paper included: 

Alum: 30 IbAon (13.3 Kg/1000 Kg) = 1.5% of dry paper weight 

Rosin Size: 12.5 lb/ton (5.5 Kg/1000 Kg) = 0.825% of dry paper weight. 

The data in Table 3 shows that a prior art resin-treated paper had about the same or slightly higher wet 
strength than the paper made with the resin of this invention. The data also shows that when the papers are 
repulped. the degree of defiberation of the paper of this invention was more than twice the degree of 
defiberation of the prior art resin-treated paper. The paper of this invention also had a CSF reading that was 
significantly lower than the CSF reading of the prior art resin-treated paper. The data therefore confirms that 
the paper of this invention is more easily repulped than a prior art resin-treated Paper with the same wet 
strength. 

Examples 6 to 8. below, demonstrate that the resin prepared according to the preferred method of the 
instant invention has superior wet strength and repulpabiilty perfonmance when tested against the resin 
comparable to that disclosed in Babcock. U.S. Patent 3,224,990. 

EXAMPLE 6 

Preparation of Wet Strength Resin According to the Babcock Patent U.S. Patent 3.224.990 Assigned to 
Pacific Resins and Chemicals, Inc. 



This Example describes the preparation of a wet strength resin according to the Babcock patent. 
3.224.990, which will be referred to as the Babcock patent 

The wet strength resin was made using the same ingredients (i.e., epichlorohydrin; ammonia; and 
polyalkyleneamine-amide); the same molar ratio of the ingredients (i.e., 2.5:0.5:1.0); and the same proce- 
dures as described in Example 2 of the Babcock patent except that the polyalkyleneamine-amide used was 
the preferred polyalkyleneamine-amide of this invention i.e.. the reaction product of dimethylglutarate and 
diethylenetriamlne. whereas Babcock used the reaction product of adipic acid and diethylenetriamine. 

437,5 g water and 145.7 g polyalkyleneamine-amide (from Example 1) were put in a flask. This was 
followed by the addition of 12.5 g of a 28% ammonium hydroxide solution and 95.4 g epichlorohydrin. 

When the exothermic reaction was complete, the batch was heated to 70'*C and maintained at 70* C. 
The viscosity was monitored using the Gardner scale. 25% sodium hydroxide solution was added to the 
batch to maintain the viscosity advancement until the final viscosity as indicated in the Babcock patent was 
obtained. At that time, 90% fomiic acid was added to adjust the pH to 3.6. Details of the procedure are 
described in Example 2 of the Babcock patent. 

The final product made according to the Babcock patent except for the polyalkyleneamine-amide used 
had the following properties: 



Solid Content 
pHat25*C 

Gardner Viscosity 
Brookfield Viscosity 
{LVF2/60/25"C) 
S.G.at25"C 



26.14% 
3.6 

C 

68 cps (68 mPa.s) 
1.090 



This resin will be referred to as the Babcock-like resin. 
EXAMPLE 7 

Evaluation of Wet Strength Perfonnance: Resin of this Invention Against the Babcock-Uke Resin of Example 
6 above 
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This Example demonstrates the superior wet strength performance of the resin of the instant invention 
over the wet strength performance of the Babcocl<-like resin. 

In this Example, the wet strength resin of the instant invention (Example 2) was tested against the 
Babcock-like wet strength resin (Example 6) in two types of furnishes: bleached pulp furnish and 
5 unbleached pulp furnish. In both tests, the resin of our Example 2 provided the better wet strength 
performance under all of the several different testing conditions. The results are summarized in Table 4a 
and in Table 4b as follows: 
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EXAMPLE 8 

Evaluation for Repulpability Using CSF Method instant Invention vs. Resin of U.S. Patent 3,224,990: the 
Babcock Patent 
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This example demonstrates that when resin-treated paper samples having the same degree erf wet 
strength are tested for repulpabillty using the CSF measurement method, the paper samples treated with 
the resin of the instant invention are easier to repulp than those treated with the Babcock Resin. 

In order to obtain paper samples of the same degree of wet strength, paper samples treated with higher 
resin level of the Babcock patent were evaluated against paper samples treated with a lower resin level of 
the resin of the instant invention. These paper samples were repulped under conditions of pH 7 and pH 10 
using the CSF method. It was found that under both pH test conditions, paper samples treated with the 
resin of the Instant invention were easier to repulp than paper samples treated with the Babcock Resin. The 
results are summarized In Table 5 as follows: 
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Claims 

1. A process for making a cati'onic thermosetting resin comprising a first step of: 

(A) reacting epihalohydrin with ammonia in a molar ratio range of epihalohydrin to ammonia of 
12:0.8-1.1 thereby to iorm epoxidized ammonia: and a second step of: 

(B) reacting together at 35' C-60* C 

(1) the epoxidized ammonia formed by step (A); 

(2) a polyalkyleneamine-amide; wherein said polyall<yIeneamine-amide is a reaction product of 
polyalkylene polyamine and a diester, said diester derived from Ca to Cg saturated or unsaturated 
aliphatic dicarboxylic acid or a dicarboxylic acid selected from oxalic, pimelic, suberic, azelaic 
and sebacic acid with Ci to Cs saturated aliphatic monohydric afcohol; 

and 

(3) an epihalohydrin; wherein the pemnissible molar ratio of total amounts of epihalohydrin to 
ammonia to polyalkyleneamine-amide used in the two steps to make cationic resin is 23.7:0.8-1:1. 

2. A process according to claim 1, wherein the epihalohydrin is epichlorohydrin. 

3. A process according to claim 2. wherein in step (A) about 2 moles of epichlorohydrin is reacted with 
about 1 mole of ammonia to form the epoxidized ammonia. 

4. A process according to any one of claims 1 to 3, wherein the molar ratio of total epihalohydrin to 
ammonia to polyalkyleneamine-amide is 3.5:1:1. 

5. A process according to any one of claims 1 to 4, wherein the polyalkylene polyamine is a di (lower 
alkylene) triamine and wherein the diester is a di (1-3C alky!) ester of an aliphatic dibasic carboxyllc 
acid. 

6. A process according to claim 5. wherein the polyalkylene polyamine is diethylene triamine and wherein 
the diester is a di (1-3C alkyi) adipate. 

7. A process according to claim 6, wherein tiie diester is dimethyl adipate. 

8. A process according to claim 5, wherein the polyalkylene polyamine is diethylene triamine and wherein 
the diester is dimethyl glutarate. 

9. A process according to any one of claims 1 to 8, further comprising cooling the reaction mixture during 
tiie reaction to maintain a temperature of from 56* C to 57* C until said reaction mixture clears. 

10. A cationic resin obtained by the process according to claims 1 to 9. 

11. An aqueous solution of tiie cationic resin of claim 10. 

12. An aqueous solution according to claim 1 1 characterized by having a pH of about 3.5 at 25* C. 

ia An aqueous solution according to claim 12 further characterized by having a Brookfield viscosity of 40 
to 80 cp (40 to 80 mPa.s) as measured on a Brookfield LVF viscometer using a No 2 spindle at 60 rpm 
at 25* C at a resin solids concenf ation of 12%. 

14. A wet strength paper comprising paper having as a wet strength additive thereto the cationic 
thermosetting resin of claim 10 wherein tiie annount of said resin Is in the range of from 0.1 to 5% or 
more based on the dry weight of the paper. 

15. A process for producing a wet strength paper which comprises 

(1) incorporating on paper or in paper an aqueous solution of a cationic thermosetting resin of claim 
10; and 

(2) heating the product of step (1) to effect curing of said resin; wherein tiie amount of resin 
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incorporated is in the range of from 0.1 to 5% or more based on the dry weight of the paper. 
Revendfcatlons 

5 1. Procede pour fabriquer une r^sine catipnique thermodurcissable comprenant un premier stade dans 

lequei : 

(A) on fait reagir une epihaiohydrine avec de I'ammoniac avec un rapport molaire 
epihalohydrine/ammoniac compris entre 1-2/0,8 a 1,1, formant ainsi de I'ammoniac epoxyde; et un 
deuxi&me stade dans lequei : 
10 (B) on fait reagir ensemble a 35-60* C : 

(1) Tammoniac epoxyde forme au stade (A); 

(2) un poiy(alocyleneamlno-amide), ledit poly(alocyleneaminoamide) etant un prodult de reaction 
d'une polyalcoylfene polyamine et d* un diester, iedit diester etant derive d'un acide dlcarboxyii- 
que aiiphatique. satur^ ou insature. a 3 ^ 6 atomes de carbone ou d'un acide dicarboxylique 

75 choisi parmi les acides oxalique, pimellque. sub^rique, azelaTque et sebacique avec un aicool 

monohydrique aiiphatique sature h ^ hZ atomes de carbone; et 

(3) une epihaiohydrine, reaction dans laquelle le rapport hiolaire autorise des quantites d'epihalo- 
hydrine totale, d'ammoniac et de poly(alcoyIeneamino-amide) utilisees dans les deux stades pour 
preparer la resine cationique est 2-3,7/0,8-1/1 . 

20 

2. Procede selon la revendication 1 , dans lequei Tepihalohydrine est une epichlorohydrine. 

3. Proc^d6 selon la revendication 2, dans lequei, au stade (A), on fait reagir environ 2 moles d'epichloro- 
hydrlne avec environ 1 mole d'ammoniac pour former Tammoniac epoxyde. 

25 

4. Precede selon Tune des revendications 1 a 3, dans lequei le rapport molaire de I'epihalohydrine totale 
a rammoniac et au poly(aicoyleneamlno-amlde) est 3.5/1/1. 

5. Procedl selon I'une des revendications 1 k 4, dans lequei ta polyalcoylene polyamine est une dl- 
30 (alcoyl^ne inferieur) triamine et dans lequei le diester est un di{alcoyIe h 1-3C) ester d'un acide 

carboxylique dibasique aiiphatique. 

8. Proced§ selon la revendication 5, dans lequei ta polyalcoylene polyamine est la diethylene triamine et 
dans lequei \& diester est un di(alcoy!e a 1 It 30) adipate. 

36 

7v Procede selon la revendication 6, dans lequei le diester est I'adipate de dimethyle. 

8. Precede selon la revendication 5, dans lequei la polyalcoylene polyamine est la diethylene triamine et 
dans lequei le diester est le glutarate de dimethyle. 

40 

9. Procede selon Tune des revendications 1 a 8, consistant en outre k refroldir le melange de reaction 
pendant la reaction pour maintenir une temperature de 56 a 57*C jusqu'a ce que ie melange de 
reaction s'eclaircisse. 

45 10. R4sine cationique obtenue par le procede selon les revendications 1 k 9. 

11. Solution aqueuse de la resine cationique de la revendication 10. 

12. Solution aqueuse selon la revendication 11, caractdrisie en ce qu'elle a un pH d'environ 3,5 k 25* 0. 

50 

13. Solution aqueuse selon la revendication 12, caract^risee en outre en ce qu'elle a une viscosite 
Brookfield de 40 k 80 mPa.s (40 a 80 ops), mesuree sur un viscosimetre Brookfield LVF en utilisant 
une broche N' 2 k 60 tpm k 25* 0 pour une concentration en solides de la resine de 12%. 

65 14. Papier resistant k I'^tat humide, consistant en un papier ayant, en tant qu'additif de resistance k I'etat 
humide. la resine thermodurcissable cationique de la revendication 10. dans lequei la quantite de resine 
est comprise entre 0,1 et 5% ou davantage, sur la base du poids du papier k sec. 
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15. Precede pour produire un papier resistant h VetaX humide, qui consiste a : 

(1) incorporer sur ie papier ou dans ie papier une solution aqueuse d'une resine thermodurcissable 
cationique d© la revendication 10, et 

(2} chauffer ie produit du stade (1) pour effectuer la prise de cette resine, precede dans iequel la 
5 quantite de resine incorporee est comprise entre 0,1 et 5% ou davantage, sur ta base du poids du 

papier a sec. 

Patentanspriiche 

10 1. Verfaliren zur Herstellung eines kationischen lieiiShartenden Harzes umfassend eine erste Stufe einer 

(A) Umsetzung eines Epihalogenhydrins m\t Ammonialc in einem Molverhaltnisbereich von Epihalo- 
genhydrin zu Ammoniak von 1-2:0,8-1,1 unter Bildung von epoxidlertem Ammoniak und eIne zweite 
Stufe einer 

(B) Umsetzung be! 35 bis 60* C von 

75 (1) dem In Stufe A entstandenen epoxidierten Ammoniak und 

(2) einem Polyalkylenamin-amid, wobei das Polyaikylenamin amid ein Reaktionsprodukt aus 
Polyalkylen-polyamin und einen Diester ist, wobei dieser Diester abgeleltet ist von einer gesattig- 
ten Oder ungesattigten aliphatischen Ca- bis Cg- Dicarbonsaure oder einer Dicarbonsaure ausge- 
walilt aus Oxalsaure. Pimelinsaure, Suberinsaure, Azelainsaure und Sebacinsaure mit einem 

20 ges^ttigten aliphatischen einwertigen Ci- bis Ca- Alkohoi; 

und 

(3) einem Epihalogenhydrin, wobei das zulassige Molverhaltnis der Gesamtmengen an Epihalo^ 
genhydrin zu Ammoniak zu Polya!kylenamin-amid, das in den beiden Stufen zur Herstellung des 
kationischen Harzes angewandt wird 2-3. 7:0,8-1:1 ist. 

25 

2. Verfahren nach Anspruch 1, wobei das Epihalogenhydrin Epichlorhydrin ist. 

3. Verfahren nach Anspruch 2, wobei in Stufe A etwa 2 Mol Epichlorhydrin umgesetzt werden mit etwa 1 
Mol Ammoniak unter Bildung des epoxidierten Ammoniaks. 

30 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei das Molverhaltnis von Qesamt-Epihaiogenhydrin 
zu Ammoniak zu Polyaikylenamin-amid 3,5:1:1 ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei das Polyalkylen-polyamin ein Di-(nieder alkylen)- 
35 triamin ist und wobei der Diester ein DI-(Cj -C3-alkyl)ester einer aliphatischen dibaslschen CarbonsSure 

ist. 

6. Verfahren nach Anspruch 5, wobei das Polyalkylen-polyamid Diethylentriamin ist und wobei der Diester 
ein Dt-(Ci-C3-alky!)-adipat ist. 

40 

7. Verfahren nach Anspruch 6, wobei der Diester Dimenthyladipat ist. 

8. Verfahren nach Anspruch 5. wobei das Polyalkylen-polyamin Diethylentriamin ist und wobei der Diester 
Dimethylglutarat ist. 

45 

9. Verfahren nach einem der Anspruche 1 bis 8, das femer umfaBt das KOhlen des Reaktionsgemisches 
waihrend der Reaktion, urn die Temperatur bei 56 bis 57* C zu halten, bis das Reaktlonsgemisch klar 
wird, 

50 10. Kationlsches Harz, erhalten nach dem Verfahren nach den Anspruchen 1 bis 9. 

11. Waflrige Losung des kationischen Harzes nach Anspruch 10. 

12. Waflrige Losung nach Anspuch 11, dadurch gekennzeichnet, dafl sie einen pH-Wert von etwa 3,5 bei 
55 25'Cbesitzt 

13. Waflrige Losung nach Anspruch 12, femer dadurch gekennzeichnet dafl sie eine Brookfleld VIskositat 
von 40 bis 80 cp (40 bis 80 mPa.s) gemessen mit einem Brookfield LVF Viskometer unter Verwendung 
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©iner Spindel Nr. 2 bei 60 UpM und 25* C mit einer Feststoffkonzentration von 12% aufweist. 

14. NajSfestes Papier, umfassend Papier, das als NaBfest-Zusatz das kationische heijShartende Harz nach 
Anspruch 10 umfaBt, wobei die Menge des Harzes im Berelch von 0.1 bis 5% oder darOber, bezogen 

5 auf das Trockengewiclit des Papiers, iiegt. 

15. Verfahren zur Herstellung eines nafifesten. Papiers umfassend 

(1) Einbringen einer waiSrigen Losung eines kationlschen heiflhartenden Harzes nacli Ansprucfi 4 auf 
Papier oder in Pappe und 

10 (2) Erhitzen des Produktes der Stufe (1). um eine Hartung des Harzes zu erreiclien, wobei die 

Menge an zugesetztem Harz im Bereich von 0,1 bis 5% oder daruber, bezogen auf das Trockenge- 
wiciit des Papiers betragt 
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